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* s # £i - si ^ fg m m & z. # m n ^ ^ * ^ * 

l^-?LiI^*ISfttlI^^ (polyhedral oligomeric 
silsesquioxane, POSS-diamineJlfl&ligg If (di anhydride) 



fife * #8* ' 

Po 1 yhed r a 1 ol i gome ric silsesquioxane/polyimide nano compos i t e s 
with certain mechanical properties and low dielectric constant is 
synthesized by covalently tethering f unc t i ona 1 i zed polyhedral 
oligomeric silsesquioxane molecules to polyimide. These 
nanocompos i t es appear to be sel f -assembl ed systems. 

A process for synthesizing said polyhedral oligomeric 
silsesquioxane/polyimide nanocompos i t es also is provided, 
comprising a step of forming porous type polyhedral oligomeric 
silsesquioxane, and a subsequent step of reacting with dianhydride 
or directly reacting with synthesized polyimide. 
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( - ) $fe tsi 

ifi ¥ > S J£ « ^ 7C # £ « /Mfc • i i ^ S W if iD > US 

mm (r) i& m ^ (c) m ^ ±mm • »it^Tjs*«jf*^j 

M ii ( R C -delay) '-fe^jSfiaS&^IflMftiiliSJgg 
PS^±^J^@ • £>.£>. Denton et al . , J. Mater Res. , 1991 , 6, 
2747 • 5. 5. Lira et a/., /. Polymer Sci . Part B '■ Po 1 ym . Phy s . , 
1993, 31, 545 R S.Z. Li et al . , J. Polymer Sci. Part B • 
Polym.Phys., 1995, 33, 403 if5fe«8^5fi±at«)S^« 
H Jfcb & # Jf * ft 51 IS $^ fM 4 1 ' ^ I ?l A I f t PI $ W i i 



Rf41fffi(parasitic capacitance ) fit) 91 Pel 

ig it k > ^ in w * si 54- n m- ;t m fp si s • &it-&m&m 

ft 19 * T • - tiff > MRr»^^«^^i£ja^Ji:b-fi^m 

^ m * m m *t m > i^^<tmmmmm^mm * m m m m > 

»JttflHg«l'MWIS«H£(a 5 0 0 tW±) * JrG ft 41 14 - 

iii^gsstPiijLf tttM^ii i • ^ m m m m m m 

5II#l4B^^i^tiIii^^HB(^^4 3.1 M 3.5 
5LW)MWIfiPJ^ISIiB«l3gra • # SU S # fifc ft I 7C X & 

ips jr is ^ ' mu&mmimftni%WL7fm\& • # <se t# m w 5s 
mmfcm±#jmm • iae^ixi Eashoo,M. et ai., j. 

Polym. Sci. Part B: Polym. Phys.,1997, 35 , 1 73 . ffi ft 7[k 

' nm^m,^m^m^.mmum - *u ji a w se & m &u m tc 
* ' it mmu n m ± m m ± m m m ■, n m carte r , k . r . 

e t a 1 . , ft m £B fi*J ^ & ( If # W C a r t e r , K . R . e t a 1 . 

^v.Mafer. ,1998,10,1049; Chem. Mater. 1997,9,1 05. ; 1 998 , 
10(1 ) ,39; 2001 , 13,21 3.) > ^^Jl^£<r#2fciSjgT^#P;£ 
# ^ fcf 14 ■ f 'J ffl vl ^ S 0- £ ^ 5^ Si A M 35 II IS ' # it 
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2 5 0 - 3 0 0 t ) & ' »^^55SI^M^4 1 ^i^T?L?|5l • US 

skip • ^m^-H = \)^mi&mirmnm > mmfizmmz. 

fLii«i ■ Snfll 2.312.5 £ ra 

• <a jtt - & « £ h ii js • ^ /Jn # ^ m ^ m ft mm ss si • 

KSfitMIl^iliCJLS « 3£ J3B ?L PI * /Jn =F — & £ 8fc IK 

««ttf ^ftS^SIiSit * ¥ fi ft t I ^ ^ I I • 

1 9 0 8 • S Bogert&RenshawJJ* 4-JK*tSS^ — ^ffiP(4-araino 
phthalic anhydride) i 4 - iSEgf r ? |^ (dimethyl- 
4-aminophthalate) Mfrft^^SlpgJgBll^llS-g-^jBIrfiH* 
' ffi # B# M * it — & mm 9Z (U M . T . B o g e r t , and R.R. 
Renshaw, J.Am. Chem . Sc i . 1908,30,1 135) > U 10 T 1950 

^ tt #13 & w] ( d u p o n t ) m m t 3? § m m & m m 2. m m ^ m 
i 9 6 0 *p ^ ss be k i'J & ® p d p it m m m m m m. m m u m 15 m • 

(polycondensat ion)S§ ' $0 *S US 3St JjR T.L.Porter et a 1 . , 
J. Polymer Sci.Part B^Polym.Phys., 1998, 36, 673 5: 
A.Okada et al., Mater. Sci. Eng., 1 9 9 5,3,1 09 #T tf 

• & mm*jftmm®mn > m ft w - m c d i a m i n e ) *n - r 

@T ( d i a n h y d r i d e ) & iff £ S tt * 80 4 1 S US ' i ?i? S B K 
£. M B (Precoursor) ^ I K i (poly (amic acid) ' PAA 
)'#S^??^iS^T (300-400 °C ) il fx S IS K ft (imidization 



c = ) m m pg m 

poss &S^35BI&;£fl!!&± • ifn^?L^i^^^^^J.^^ 

#c — § # § fill (self free-standing film) 

w/m&mm&KtiL'gftmz.'&f&jjm • as ft j& - ?i sra m 

& m m * ' si^ffiifg^^t^iitiiffigiit 
£ m m ' mm • ^m — mmmj&^m&wn * ~m mm& m 

m * * ® B£ a » 0 ' & 'B m m &m ®\ & B l&m & - # #1 ffi 
W ' ^Sff^^^tl^S^^S^^-M ' AM®} 
(RSiO,, s ) 8 - t^tO . 31 0.4 %s * Zfim > MM %K 
(cage) > * a^IIiSil?^!!)^ ; 
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l«ttf 2f 1 « ifi^sii^^ poss l ^ g f i f 
^ mm 2.5 igi-Bgnif^^^^^^siifKfi?) 
• »i$i-#n6^5ii^^it s . jtij m # ^ m m m 
■z poss mmm^mmm&d • a nt * ^ ^ 4 • a ffi & j$ & 
' ip ' ^^^^ m.m m 2.m m poss ^^-sm^- 
^^sit^iai • m mm. Jim mm • iKini^^ 

• SfflRliftE^fSlSIf^ POSS i$ it 0!l - ffiJ 

m s m. m:w it 



5£ 4 'A : - 0- > - S- - - CH 2 <C(CH 3 ) 2 ^ C ( C F 3 ) 2 




& 4 > R IS 




I ; B I : - H — OH l-NHj « 

& m m m m J* m it m i& (Sio,. 5 )nRn-,R' . 

n = 6 , 8 , 1 0 , 1 2 > R S^BSf ft 1 M 6 2. ^ £ US ^ S > 

r'1-r, - b ; r , m-tsmw^m 1 s 6 £ ^ s m * s . m b 

S3i S I^fefi -NH 2 - - OH * -CI - - Br * - I * g£ ffi £ 
ffKS^(2NH 2 )fij4f^!l$D-R 1 -N(-Ar-NH 2 ) J * - 
R , - 0 - A r - C H ( - A r - N H 2 ) 2 ^ftWRJKtt^'&tg* • 

i^^^tti • nm&n&mmfe*t&m,ffiBJti<® • & * « 

?Liiii^-tt ■ SfLSllfi 0.3 10.4 3* # £ W • 

' oJS Hybrid 

piastic te : mmmfRtft&ttw m mm 

mz.m&mm-£ fox m > mmm mm 2nh,-k«« tii^ 

#®fi{§^^«^*^^(2NH 2 -POSS)|a^^@fIl^S0 
(PMDA-ODA)SUlt|!Sf6(^yo • & # S BJ! £ * fflg #J 
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m m m w 4> m m ^ £ so u m m • s^iiiiitftft 

3.26 |$ pj 2.32) 0 S^^^m^gj^jg^J^S^g : ^ S 
ti^ S ii^Jii(self-assembled architecture) 

^ i& m m m • 



Ittlf 151 g ti?lj(self-assembled) > fJ^ |i ?K 

14 #1 ©Tl 7jc ^ ± %o it m «f & m a m ist # =t & m m m m - « 

• mft¥mmmmm7k&mm*&2.wm • # s a zr * & a 

* # ^ * y « k m 7k 14 m ®s 7jc 14 5: is ^ . m m m m m m. h « it 

ilft 4^l¥±Wffl^^i(architecture) - 51 S 111 g If 

^mmi%^mwmfcn&mm*mi3ffi,7k'&zmm^7&j%& 

^ - I ^ If tt 2 i S I " {4 1 tt i ^ " ( P o s i t i o n a 1 
assembly) > US " £ :& J# ?lj " ^ |1I - ^III SAIW^S 

mm m&nfflyj 1j 5% • *b ^ ^ - g # j# ?y - . -g g % sj m . 

moludus)Si^I^(maximum stress) > p| 3» H 



SD 1 if JD ' ^^f^^^HWiftfltfyoung's 
moludus) - M j\ M ^(maximum s t r e s s ) |D i ^ # S 1 
(maximum elongation)fl^-fIgK]-f^ ' 3£ H B 

u ft m 1* u m it ^ ' ^HS^-e®^«i4#^eu#«M^ 

$1 it *s & 5: at m «s s t ' m in m m m m - m m ( s o 1 - g e 1 > m m 
nfKifLii^i^(HssQ * mssq) . i i i ^ I i t 

a#tt5(««ttSSi8)' 

ft ' ^#BJ^«B-#f4 ' I 51 tt I t ( r e d u c e d 
elastic modulus, E , ) 1 f ^ f 1 ^ ^ ^ g ^ I ^ tl 69 

Is iD 1 K) if JD (fn T K * 5Ha^«fi#smiSIWfft In 
SffliK • t^^I^tf^^ilKhardness, H ) Bl & W 

— ^ /r- * tt # m m m #s m fi t£ m s t m «j it ^ ^ i«i • #4 

?LiWiSftli?figgIi - M - m 1kW K) 1/7 £ 

« ?o # *4 £ ® shi • 
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iit!615ll(PMDA-ODA)I^ • M3Eie-^4^£n 

• ^ f i if ^ |6 ^ g § |g ( P M D A - O D A ) 1 /Jn - if nj 

k # ? ^ ^ m *s t£ • 7km,®tmm.m&ttm^ • 

# ® it ^ ^ & ^ * ^ #5 £ ^ £ Si * ^ tK tt R K «R ?I 

a tb ^ s s & i& m - m h m £ m m m • 

(SiO,. 5 )nRn- 1 R' • n = 6 , 8 . 1 0 , 1 2 ■ R il "a" 5$ 
?l 1 M 6 ^ ^ S ^ ^ S • R ' I - R, - B ; R, m^-fi^J^?^ 
1 I 6 ^^Ilf 1 • I B ilgI^fig-NH 2 > - OH ' 

-ci * - Br * - i • mMmm^mmmj£(2Kn 2 )ffi§LV!)mta 

-R,-N(-Ar-NH 2 ) 2 « -R , - 0 - A r - C H ( - A r - N H 2 ) 2 W> M 

tsitt^ttgi • n m m J5 j% m > & c 1 3$ s n & k tb * 

MM ' Jf§ trichloro(4-(choloromethyl)-phenyl)silane* 
cyclohexyl trisi lanol -POSS S t ri ethyl amine fi ^ g f M 

tk t h f mmTtfadp ' & * • siAii^^iTi#5i 
2 /> at . i 1 1 1 ^ i s h n e 1 3 c i • m & ' mmmmrn 

A acetonnitrile ^W.^&M±ffim%d'i&s£UfflLVd 

mmm^im^i mm mm mm c 1 ^sitttts2#M^ 
& m.&mv9 • as ffl n h 2 s ^ s g i it t s . j@ ^ ci ^ 
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m ft m > n h 2 ntg ci m&%.mmm2Lmwvk > itsy^ 

* ^ « £ » p •- 

* & m. & & & m • ^mmig^&m.ffi.Bmvo/mttmm 

+ ' ift&m&^mm&mi&m±m2- poss ^i^ti^^@ 
14 is m m a s kj m mm > Hithii*flis^^i)$^si' 

* S *S 7F £n T ?'J ^ * m m ■ © ^ §: m * M #!! ffi PS 



» m i (tut ci sMi4wtg»^^®ftfg^^ 




CI 



Cy- cyclohexyl 



CI-POSS 



1 . M trichloro(4-(choloromethyl)-pheny])silane(1.00 
ml; 5.61 ramol ) > cyclohexyl trisi la n o 1 - P 0 S S ( 5 . 00 g; 



2.11 mmol ) JSl t r i e t hy 1 am i ne (2.2 ml; 15.41 mmol) 
SASt 30.0 ml M ?K T H F m M Z H £ M 4 1 • 

IWii HNEtjCl 
3 . j» at ^ ffll A a c e t o n n i t r i 1 e • {fc M 

ffimmmmm&w.^ mm mm mm c 1 ^.m^l-m mmz ^ 
a as fii 2 c^tsu^ 2nh 2 Rjanfetisisi^ffiB^^^ 



1 . B 4-Hydroxybenzaldehyde(0.14g;1.06mmol) R K 2 C0 3 
(0.32g; 0 . 9 8mmo 1 ) fifc A §1 W $a 7 Jc DMF(10.0 ral)i||^ 



2 . if • 4IAIi^^lTl)DiS 8 0 °C M m W 5L M HO 

i m > m '& m & & iomi m 7k z thf ^ z ci - 

POSS(1.00 g ;0.80 mmol) TO Nal(0.14 g ; 0 . 9 8mmo 1 ) Jjp 

a = mm 4« s s 4 /Jn m ° 

3. I 5 S f i A t)( ^ I dichloromethane f 15 H ^ ( 3 x 



mmmvo zmm ) 
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i5.o mi )t 'Mm&mmmm±zmn&mj£m&i 

o 

4 . jf$ aniline(3.14g ;34.5mmol) > aniline hydrochloride 

(0.08g ;0.59mmol)ffi^,^ 3 Ift 3t t£ (1.22g;10.0 

mmo i ) im a = m m * m m m m • 

5 . m m w. ]ju m m 1 5 o t s i i /Jn Bt ft - m je & is m 

i I a n i 1 i n e • 
6. Ifttitfr^IiUSlif 2NH 2 Slttff^l^^S 

H_M_g!l 1 C MM Mm (polyamic acid) ^^)^ ) 
l.SIiaT ' ifflHlIia^il • 0.0 147mole Ift 

4,4'-oxydianiline(0DA)Z f K ^ A 3 2.9 4 g £ N , N - 
dimethylacetamide(DMAc)4 5 ' rf ODA ^ ^ ?H f& ^ B 
# fit ^ 0 . 01 5 mol e #J pyromellitic d i anhyd r i de ( PMDA ) 

— m it ^ at m a ■ s m pmda ^^ita?^ 1 

'J^i#*m^j£fc^iK2.li5H&KaiF}ft(EI-&*j£ ii~i6 % 
) ° 

2 . *IJ Jl SI Zf (doctor blade) - Jt £ ^ K 

^^^^M^^ijg^tg±^fli >. j^. 2 °c / ra i n . £ ft m. m 
mtfe&n i oo ^ i so > 200 > s 2 5 o °c ft m m n m 1 
/ -J n b# ' isk 3 o o °c m m w 30 frM>m&b"immmm 
mm mm. 7k mm - t ^^^sikpmda-oda)!^ • 

W ffi fi| 3 (f f 0H ££^55^18181^31 Ci w t£ s £ # ® 

fffg^5i7^,^^^(ci - poss)si m f$m -km 
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u m ) 



H 2 N- 



HO 



NH 2 + 
OH o 



CF 3 
CfJ 




1 . DMAc/ 0 °C-R.T7 overnight 

2. Xylene/ 160 °C/ 3 h 



HO 



CF, 




-N 
OHO 



CFJ 



NaH/DMAc/THF 
80 °C/3 h 



Cp 



CI 



Cp-Si^-O-Y-S 



.0 j/O^p 



v 

si— o-sr 

Cp' fcp 



H 



OHO 




CF, 

cf£ 



o 



O HO 
Cp 



o d 




si^-o-sitT 

Cp' X Cp 



CF a 



Cp: cyclopentyl 



1 . SIIT ' ffflHilllWIi > M 1 8 . 50mmo 1 e Ift 
3,3'-dihydroxy- 4,4'-diaminobyphenyl(HAB)^A 90.83 
g ^ N,N-dimethylacetaraide(DMAc)^ • W HAB % ^ ^ #P 
£ ^ B # Jit 83 18.88 mmole 61} 2,2'-bis(3,4- 
dicarboxyphenyl) hexafluoropropane 

- 1 7 - 



d i anhyd r i de( 6 FDA ) =L W ST ft fit iJQ A - IM 6 F D A 

ft? ft > tt IX 81 # 1 /Jn Bf • ffD^j£&^{tK;2.S5HJ8Ki£}£( 
H-a-*Sll~16%)° 
2 . m M * x y 1 e n e ( 3 0 m 1 ) flP A = II ffll 4 1 JD & S 1 6 0 "C SH.fr 
55 K & 4b 3 /Jn B# • 

3 . j& g jffi «[ m a 7j< 4> > mm&mmum • m k 3£ * 1 + 

*ft 12 a 1 2 Bf . 

4 . m W 55 BE IS ( 6FDA-HAB)?g A DMA c / THF 4 1 ' JlP A ^ Ir! S3 tb 

&3 NaH - 0.5 /Jn Hf • {f$ ffc N a H ^ H lif lfc 

n w ci mmm^^-mm^^wmmm^}(c\-poss)i]u 

An 7 0 °C T S I 2 /Jn Bf • 

5 . S fll $5 A 7j< >t> • ^m^^^m^^^I^^lg • 

6 . m m 71 (doctor blade) M *F ift ^ 5£ • }ff Ji 5Zft £ # ® 

fll ' m&ft&M&n 1 0 0 ^ 2 0 0 & 2 5 0 °C ^ SO It If 1 

/Jn Bt > m &t ^ m j& w m ^ w m, m m w / m ?z m & 
» as m 4 c^sftw 2nh 2 sittt ii^^ni^f 

Sii ( 2NH 2 - POSS ) / ^?55KJgc(PMDA-ODA) 
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+ h : nhQ^°-<[> NH > 
ODA 

o o 

o o 
PMDA 

in NMP/THF, N 2 , RT 
imidizati2ed at 100, 200, 300°C 




84 



1 . & m. m. r • is ffl = u & m ii w a m • n m m m o . o 1 47 mo 1 e 

M ID H 13 fcb ift ODA W 2NH 2 -POSS(95/5^90/10^84/16) 
^ A NMP/THF( 2 / 1 ) 4 1 ' W ODA ^3rig#P£f£|?#ftfc{& 0.015 
mole m PMDA Un A • ISS PMDA^^gSt ' H « flt 8 
'bm ' Ii^Sii)K^^8Ki8«(H^ig ill ) • 

2 . m m m 71 (doctor blade) W. tfi t£) 7j 3t • M ± 2ft 2. # ® 

BS • & 2°C/min.^5 : i-^^^M^S^ 1 00 M 50 ^ 200 

- s. 2 5 o °c # s'j *f m % ffl i /Jn m • im n 3 o o t g i ^ 

(PMDA-ODA)^^7H:it^#3^^II - 
* ffi g 
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m i mmm 2 mm f^mnrnm 3 - 4 $l & m m& m. 

u mmrnm x - r a y $ # h §§ . s u ^ t# ■ # ® m m *t w 
mmmmmmft^^yhM 1 . 2 n m £ ^ m j& m ji & h h m m 

m 1 m 55 si m 2. ^ * m & u m w m * m m j& *g H H H it £ «g #§ • 

n 3 m m ^ m n m m 3 > 4 ^^«^sb > » m ^ g # 
mm mm • ^ *5 0.3 m 0.4 * ?l m £ n jj* poss n ^ isi 
jr 55 si m ± m _t 2: 1 1 jf* poss m 14 te % ^ as ^ *s n it #§ 

^ 4 mmm 5 hi jt * m #u 3 gij ® it # £f bs 5£ m 
m n m r ^ m ^ m ^ m m m m m m ' m 4 lor^saw^ 
/> ^ 1 0 n m wm&Mmwmmm&m^ftnnm&mm^ 

mm ' ilia > & ffiMfe^tymffi»mm/m&mm2L^ 

*l^#flg-@Ii?IJ^l(self-assembledsystem 

is & m * pj m % • &mn — #.mm - « §t ■ m i^^mm m ts 

R^(10nm & ^ ) • 

^ 6 ffl JS « M #U 4 i$&&3£m : 7 1 iEtR8Ei£!feH'&U 

*j & m si f@ # ® it ^ ^ # «, ^ * m '® m ft & it m > n 4> & ft 

M & «J SB # ( It & H 2 nm)g£ftfl9fg¥$7ft&££ ^ 
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m. j& m m m ' um.MRi%^i&frm.nm&mm<p • # m n 

g - S t i ^IJ ^ I ( s e 1 f - a s s e m b 1 e d system) > g| jfct 

^ l £i £f M #!J i - 25. K J£ 00 3-4fijrili|.4 

mm 3 ^-^*t^#^^^tti!!ii#ffiifg^^ 
^ * m m n n m. m m uu m t m • it #u 4 ■*» • ^ isj *& 

&^#3ftlft^1I?&»*§t£gt8a0!l 1 ^i^SIi(PMDA- 
ODA)©^ifig| • 

* 2 mm mm 1 wi5ii(PMDA-oDA)s»i^j 
m m m • s^*i^»i4iifii^ii(youn g 's 

modulus)fDS^I^(maximum stress) • H ffi ^ S B 

& » M g ^ # > ^M^^#®f§fg^^^^^^^^j^JPtb 
m &3 m tU • s£*«^fcf*4i£Ig|lft*i£;g| Y o u n g 1 s 

modulus) - Wi^ M ^(maximum stress) ifO i ^ # S * 
(maximum elongation)IIJMS-ggWT^ ' 3£ HC H 

s is ei} a «j • & £ ^ m • m m m m m m - m m ( s o \ - g t \ ) m 
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^ifW?LiHi?i^(HSSQ > MSSQ) ■ — j& ffjj = J5ff # 
Ip^'^f ^3lttIi!(Reduced elastic modulus, E,) 

^ m & # #g m m m «j 1* ^ m m m jh *g m • <s^*«-£fcr^£ 

ISKhardness, H ) ^ W B g # g f |g ^ ^ S ^ I ^ i 

tt^anwwffiHjjEpafc^ - *t j&i - is <s /r- m 1± # m m m m m m 
WLmmmr^mm^m • m iu ^ m ?l m & - m, it w m m m m 

m. 4 n * s& 3^4 ^mm^^wm^mm^/m?s.m 

K(PMDA-ODA)^*S^M^6<Jittf^fIttiI • 

is^i • s *f ' * * + °r \>x & m & <& & m # m m m ^ & m m 

>^^iJ]DiSfItK^5ii(PMDA-ODA)# - m 
^S^JPBt ' ^ t I 1 t I 5 I i ( P M D A - O D A ) /Jn > it 

w&j-hnA&mm'&mmfrTmmmmwL ■ 7jc & t$ a «r Pfr # 
f4 f = - i^ffi^fn^^ft^s^tiKiKiitt^ssKfi 
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m & m & ft ffl # he w m m m m & 
& m. m (t g ) m m m m *n ) • ^wt 
> 10 1 Hi to • # ^ » if to m • 

' 10 KI1TPI • 



mol% of POSS in 
p o 1 y i m i d e 



nmm 3 
3 

ItSfetfiJ 3 

3 



1 0 

22 
3 5 



3 . 3 5± 
2.83± 
2 .61 ± 
2 .40± 



0.16 
0 .04 
0.07 
0.04 



mol% of POSS in 
p o 1 y i m i d e 



it mm 4 
nmm 4 



5 

1 0 

1 6 



3 .26± 
2 . 86± 
2 . 5 7± 
2 . 3 2± 



0.09 
0.04 
0.08 
0.05 
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mol% of POSS 


wt% of POSS 




mm 








in polyimide 


in polyimide (%) (GPa) 


WMM (%) 




(MPa) 


£f«0 3 


0 


0 


1.86± 0.08 


5± 1 


59 


.2± 7.7 


KSffi^U 3 


10 


14.3 


1.85± 0.09 


4± 1 


45. 


1± 5.1 


nnm 3 


22 


26.5 


1.20+ 0.02 


3± 1 


22. 


3± 4.9 


«M#!J 3 


35 


36.7 


0.61± 0.07 


2± 1 


1 1 . 


2+ 3.9 



mol% of POSS wt% of POSS 4§£&tfe iff^ i^I^ 





in polyimide 


in polyimide (%) (GPa) 


#SI 


(%) 


(MPa) 


mmm 1 


0 


0 


1.60± 0.07 


6± 1 




50. 9± 1.2 




5 


14.2 


1.58± 0.08 


5± 


1 


48. 9± 5.1 


nmm 4 


10 


26.6 


1.43± 0.07 


4± 


1 


46. 4± 7.9 


tii 4 


16 


39.4 


1.25± 0.04 


2± 


1 


20. 4± 1.1 
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m 3 





mol% of 










POSS in 




mm 






Polyimide 


(GPa) 


(GPa) 


(nm) 


mmm i 


0 


1.86± 0.8 


0.1 5± 0.01 




mmm 3 


10 


1.85+ 0.09 


0.1 1± 0.02 




«M#!J 3 


22 


1.20± 0.02 


0.07± 0.01 




nmm 3 


35 


0.61± 0.07 


0.06± 0.02 








mol% of 




mm 






POSS in 


mm. 


mm 


\tm 




Polyimide 


(GPa) 


(GPa) 


(nm) 


SsfJRlfll 1 


0 


4.4± 0.1 


0.23± 0.01 


361. 3± 4.3 


4 


5 


4.3± 0.1 


0.23± 0.02 


363.4± 3.5 


4 


10 


4.2± 0.1 


0.22± 0.01 


370. 0± 5.4 


««0 4 


16 


4.0± 0.1 


0.21+ 0.02 


378. 9± 3.9 
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AlA -Vfe" 


W t4 BS 1 E 1 


r rnx ?/R 

1 IrI 95 14 






mol% 01 POSS 


Td( C )at 5 


Tg(°C) 


til 




in Polyimide 


wt% loss 




(%) 


&4 na i 


r\ 

V 


430.2 


359.3 




Iffii 3 


10 


415.1 


355.1 






22 


407.9 


350.5 




nmm 3 


35 


405.7 


337.6 


- 




mol% of POSS 


Td(°C)at 5 


Tg(°C) 






in Polyimide 


wt% loss 




(%) 


gLwa 1 


0 


604.6 


350.7 


1.8 


nmm 4 


5 


583.7 


316.6 


2.0 


»»y 4 


10 


552.4 


308.1 


2.3 


4 


16 


534.5 


303.9 


1.4 
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( £ ) 11 m mm m 

m i m nit mm 3 ^^mm^^wmmm^^m^m^' 

It ID ; 41 (a)6FDA-HAB,(b)10mole% Cl-P0SS/6FDA-HAB,(c) 
22 mo 1 e% C 1 - POSS / 6FDA - HAB , ( d ) 35 mole % C 1 - POS S / 6FDA - 
HAB, and ( e)Cl -POSS • 

m 2 b m nmm 4 ^^mmfe^wmmmw^m^m 

i It 1 : K ^ ( a ) PMDA -ODA , ( b ) 5 mole % 2NH 2 -POSS/ 
PMDA-ODA , ( c ) 10 mole % 2NH 2 -POSS / PMDA - ODA ,(d) 16 mole 
% 2NH 2 -P0SS/ PMDA-ODA ,and (e) 2NH 2 -P0SS° 

m 3 mm&m&mm^mmmmxK poss & m m m m 
n m m 2. 75 m m ; » * ii a* poss m ?l m * is 0.3 m 

0.4 5^7^ o 

n 4^5 m mnmm 3 £ gg m m m m m m ^ m =¥■ m m 

fg 6 HI £§ » M 4 ^i^l^iffii^f • 
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ffl • 

i . - a s£ * % # *4 • 
5E 51 « $c tt « • 

2 . $p ^ it 9 f ij m m % i m^.m.^um^^^mmm^^ 

5$(SiO,. 5 )nRn-,R' • n = 6 , 8 , 1 0 , 1 2 > R S^fi^M 
^9k 1 M 6 ■ R'g-R.-B ; R, i^il 

^ m i s 6 %t m m » fm b is@i^^g-NH 2 - 

- - OH > - CI * - Br ^ - I ^ ^SffiMf f )gS^ ( 2NH 2 ) 
m ± %d m $0 - R , - N ( - A r - N H 2 ) 2 > - R , - 0 - A r - C H ( - 
A r - N H 2 ) 2 • 

3 . tu ^ it 9 *u m m w, i m 2 m ;t m m m • » * as 35 si k 




i£ 4* > A - 0- >- S- -CHrC(CH 3 ) 3 Do C(CF 3 ) 2 
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:B i : - H — OH i-NHj « 

m^mmmmmm \ m £ m & u n > n * m w. ^ u m £ 
frn#m*s&i&^. 2.3 o 

SI S 0 ' ^#iS^|S|^iS0 6U^ffiMKR0 > 
#ffc£^J^#MI§S%^g?^^*?L^;2: POSS 

S Ji$ 5: fflij & » • 

m w m m & m & 2. n m m • 

(SiO,.s)nRn-,R' > n = 6 , 8,10,12 • R M S is HC ^ 
« 1 S 6 • R'I-R,-B ; R, g^igf 

» 1 m. 6 51 ^ m & * £ • Tfn B l|gS^^g-NH 2 - - 
OH * - CI * - Br * - I * iSfIff)gS^(2NH 2 )fii 
4ii$D-R,-N( - Ar-NH 2 ) 2 * - R , - 0 - A r - C H ( - A r - 

N H 2 ) 2 ° 

$n e{3 iff * f ij $g ill n 5 Dc 6 ^ ^ ^ -ft m ' fi^^eii 




n * > r 
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yx )oxx :xxcx 
xrkx ^ota 

9 

S cf 3 ' A I : - 0 - > - S - - C H r C ( C H 3 ) 2 j£ C(CF 3 ) 2 

;b I : - H ' - oh ^-nh 2 • 

sn^^if^^sssE^RjHi - ^#i5t^s^ : mm m urn 

9 . $p ^ m m- * a 45 m m s m $. is & • ^j^^^^^Ma^? 
si *e £ sg si & * z & % n iHc mm x • 

. ^AI*Rjf|7Flft^S(Si0 1 . 5 )nRn- 1 R' > 
n = 6 , 8 , 1 0 , 1 2 • R I^llf K 1 M 6 2. £t £ 35 3£ £ 

> r'I-r, - b ; r, gtiift i s 6 2. mmm^m 

' ffi B g I @ 1 g - N H 2 ^ - OH > - CI » - Br « - I 

* t& mm m mm 2: ( 2ku 2 ) ft mm -r,-n(- 

Ar-NH 2 ) 2 * - R,-0-Ar-CH(-Ar-NH 2 ) 2 IfSl 14 
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^351SK(SS~50nm) 

3 H 



-2nm) 



-3 1- 
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